Abstract -In cryogenic two phase flow, it is always challenging to measure the quality and void fraction. In this regard, an effort has been made to indigenously develop an electronic circuit to measure the void fraction by measuring the capacitance of the order of picofarads accurately depending upon the dielectric constant of nitrogen in vapor and liquid phase. The state-of-art electronics card has been developed and tested successfully for its performance and validation. Using this card, an experiment has been conducted using liquid nitrogen cryo transfer line to study the two phase void fraction. In this paper, the design basis and working principle of the designed electronics card along with the performance results are discussed. A/D conversion and DAQ system has been implemented to display the direct measurement data in a computer.
INTRODUCTION
Two-phase flows are found in many areas of cryogenics including LNG, large-scale helium systems and space cryogenics [1] . Two phase flows are characterized by its void fraction. Void fraction is the most vital parameter for prediction of any hydrodynamic properties of fluid with two phase flow conditions. Void fraction of cryogen two phase flow could be measured by various techniques [2] . In this paper, we discuss innovative technique for void fraction measurement. It is based on capacitive void fraction measurement. The specific technique has been developed as it is simple to construct, low cost, non-intrusive and quick response. Capacitance of two phases measured with change in dielectric medium of cryogenic fluid. Here, we discuss the case of liquid nitrogen (LN 2 ) cryogen. Dielectric constant () of nitrogen varies from 1.0 to 1.43 from vapor to liquid phase and the capacitance to be measured is in the range of picofarads (pF). There was a need of very precise and sensitive with high resolution electronics circuit that could measure capacitance in the range of picofarads. This work focuses on the development of an electronic circuit for the void sensor to measure the void fraction of the LN 2 two phase flows.
The design of an electronic circuit is an application of Schmitt trigger based IC CD4093B with capacitors in differential modes and trimmer capacitor for lead compensation. There are various challenging problems, which are encountered in measurement of very low capacitance measurement such as stray capacitance and lead capacitance. Apart from this, the drift and the offset errors, ambient temperature errors, range of frequency of operation, cost of development are also challenging in nature. In literature, various methods reported for capacitance measurement Viz. AC bridges, charge discharge methods, oscillation and resonance based methods [3] [4] , resonance based methods [5] etc. All above methods are accurate but not useful for picofarads capacitance measurement as it does not provide stray capacitance elimination. Resonance based method is somewhat better method but not useful for real time dynamic capacitance measurement. Presently, electrical capacitance tomography (ECT) method [6] uses integrator, which works on the principle of capacitor charge discharge method. However, an integrator induces drifts and offset errors, which are not desirable.
This present work provides a developed electronic circuit in which all above errors are taken into considerations to have precise and dynamic measurement of capacitance of the order of picofarads. The innovation of reported technique is that it uses charging and discharging method but it does not uses integrator so drift and offset errors are minimized. It uses quad two input NAND Schmitt trigger circuits CD4093B with hysteresis [7] and the electronic circuits have been successfully tested over a range of 0-600pF with percentage (%) error of ± 0.58%. The present capacitance measurement work is inspired by the work reported by Gautam Sarkar et al, [8] and he measured low capacitance with lead capacitance compensation. Lead capacitance is major source of stray capacitance, which can be minimized by this method. However, system developed by Gautam [8] limited to 400 pF. The proposed work is an improved work in which the capacitance measurement range is increased with lead compensation up to 600 pF with linear input and output relationships. This built system is used for two phase liquid nitrogen void fraction measurement in terms of capacitance. The measured capacitance values were compared with highly sophisticated LCR digital meter. This system can also be used in real time dynamic capacitance measurements over a given range.
II.
SCHMITT Thus it is found that output voltage varies linearly in between of 2.5 V to 5 Volts.
B. Performance test:
The electronic circuit performance test is done after designing and development of capacitance measurement circuit. The electronics circuit is tested with several capacitors and operation frequency of 740 Hz. 
III. EXPERIMENTAL RESULTS
The designed circuit is developed and simulated, thereafter electronics circuit is tested with several capacitors in the range of 0-600pf and operation frequency of 740 Hz and circuit is calibrated using highly accurate IM 3570 Impedance Analyzer-Hioki L 2000 4 -terminal probe , calibration plot is shown in fig.  4 . The void sensor element is coaxial capacitor and its dimensions are fixed thus the change in dielectric constant gives the change in capacitance which is measured as void fraction for given two phase flow. The medium used in the experiment is nitrogen and its ԑ varies from ԑ = 1 to ԑ = 1.43 For coaxial cylindrical capacitance probe, the capacitance is given by
Where, C= Capacitance in pF L= Length of the capacitor in m ԑ r = Relative Permittivity of the medium b= Outer radius in m and a= inner radius in m The theoretically estimated value of capacitance is given in Table 2 . But, it was found in the experiments that due to additional structural capacitance, the original value deviates from estimated value as shown in table 2. Figure 5 shows the process flow diagram of the nitrogen two phase flow void fraction measurement experimental setup. An innovative electronic circuit has been designed, developed and tested for its performance while conducting an experiment of the void fraction measurement in two phase nitrogen. Void fraction is measured by measuring the change in the capacitance of coaxial capacitive sensor due to two phase flow. Capacitance of the nitrogen vapor differs from its pure liquid phase due to its dielectric constant. Capacitance variation of the two phase flow in transfer line is from 103pF (room temperature, air medium) to 148.59 pF (pure liquid nitrogen medium). The electronic circuit developed was highly sensitive and accurate with %error of ±0.5%. The measurement range of circuit is 0-600 pF and is calibrated using standard LCR meter. Looking at the accuracy and its precision offered by this developed electronic circuit, it will be useful in applications deal with low capacitance and dynamic capacitance measurement.
